A general description of ground-and surface-water availability, quantity, and quality in a major river basin of the Gulf Coast region
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SCOPE AND PURPOSE OF REPORT
This report is a summary description of the geohydrolo^y and water resources of the Big Black River basin and of ground water-surface water relations as of 1966. It is based principally on data in the files of the U.S. Geological Survey and on published reports covering parts of the basin and adjacent areas.
The study was made by the Water Resources Division of the U.S. Geological Survey as a part of the interagency comprehensive study of the Big Black River basin. The purpose of the studies is to present facts that will lead to optimum development of the natural and cultural resources of the basin.
DESCRIPTION OF AREA
The long and narrow (160 miles long and 20 to 25 miles wide) Big Black River basin is in west-central Mississippi ( fig. 1 ). Land-surface altitudes range from about 80 feet above sea level at the confluence of the Big Black and Mississippi Rivers to more than 500 feet along the eastern rim of the basin. The highest and most rugged terrain in the basin is in the upper reaches of the eastern tributaries to the Big Black River. Generally, hills in the basin are well rounded and flood plains are wide.
Precipitation in the basin is heaviest during winter and spring, and the average annual amount is 52 inches. Average annual runoff is about 17 inches. Average annual temperature is 65° F (18° Celsius). Freezing temperatures seldom last more than a day or two and days having temperature maximums of 100° F (38° C) or more are unusual.
Canton (population 9,707) is the largest city in the basin. The economy is predominantly agricultural; industrial plant? in the area are small to medium but contribute substantially to the economy of the basin.
GEOLOGIC AND WATER-RESOURCES INVESTIGATIONS IN AREA
Thirty-three publications listed in the bibliography describe, with varying degree of detail and emphasis, the geology and water resources of parts or all of the Big Black River basin and adjacent ar^as. Current (1966) water-resources investigations by the U.S. Geological Survey include a study in the Jackson area, a study of the Missisempi embayment, observation of low flow in the Big Black basin, and statewide collection of basic data.
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the Tertiary formations (pi. 1) are, in general, transverse to the course of the Big Black River.
From the outcrops the formations dip southwestward about 30 feet per mile. Down the dip, the formations increase in thickness and generally the rates of dip increase. The dips and thicknesses of the formations are locally affected by several large and many small structural features in the area. The larger features are partially delineated by contour irregularities (pis. 2,3).
GROUND WATER OCCURRENCE
A geohydrologic section along the axis of the Big Black River basin (pi. 1) shows the occurrence and availability of ground water in the basin. On the section the geologic units are named and the aquifers are identified (aquifers in the basin are beds of saturated sand or gravel that will yield water to wells). Lithologic characteristics of the units are briefly stated on the section and more details can be seen in the electrical logs shown. The characteristics of severe! of the units that are not aquifers are consistent over large areas. £ ome of these nonaquifers, or aquicludes, are the Yazoo Clay, Cook Mountain Formation, Zilpha Clay, Porters Creek Clay, and Selma Group. Some of the units containing aquifers have reasonably predictable lithologic characteristics over large areas. Among these are the Go^do, McShan, and Eutaw Formations, Meridian-upper Wilcox aquifer, Tallahatta Formation, Winona Sand, and Cockfield Formation. Because of the more lenticular deposition of sediments in the Wilcox G^oup, Sparta Sand, Forest Hill Sand, and Catahoula Sandstone, it is more difficult to predict the thickness of sand beds, the percentage of sand, and the size and sorting of sand grains in these units. Capabil; ties of these last-named aquifer systems to yield water vary widely from place to place.
Not much is known about the alluvium in the lower p^-rt of the Big Black River flood plain, but it may be a good aquifier in places. With depth the alluvium usually grades from silt to sand and in places to gravel. Average depth of the alluvium above Bovina is e.bout 25 feet. From Bovina downstream the thickness of the alluvium probably increases and may be more than 100 feet near the mouth of the Big Black.
The geohydrologic section is one aid in locating water-l taring sands. In addition, several structure maps have been drawn showing the configuration and altitude of the bases of seven of the principal aquifer systems (pis. 2, 3). Formation thicknesses in the basin generally do not change much along the strike, which is nearly transverse to the geohydrologic section (pi. 1). The depth of a well in a selected aquifer can be determined by (1) plotting the location on the appropriate structure-contour map, (2) determining the altitude of the base of the aquifer system at that point, and (3) algebraically applying this altitude to the land surface altitude at the locality. (Topographic maps showing land surface altitude are available for most of the basin.)
QUANTITY
AQUIFER CHARACTERISTICS
The quantity of water available to a well depends basically on the size and interconnection of the void space between grains of sand composing the aquifer. The size, shape, and sorting of the grains affect the void space and consequently the capacity of the aquifer to store and transmit water.
Aquifers underlying the Big Black River basin differ greatly in their capacity for transmitting water. Coefficients of transmissibility determined from pumping tests (table 1) ranged from 4,800 to 85,000 gpd (gallons per day) per foot. The coefficient of permeability (transmissibility divided by aquifer thickness in feet) ranged from 42 to 1,550 gpd per square foot. All the pumping tests were of artesian aquifers and most of the coefficients of storage were near 0.0001.
The ranges of permeability and transmissibility are probably greater than is indicated by the pumping test results. Certainly, some domestic wells are screened in thin beds of fine sand that have very low permeability and transmissibility values. The Coker, Gordo, lower Wilcox, Meridian-upper Wilcox, and Sparta aquifer systems each probably has a coefficient of transmissibility of more than 85,000 at places.
The amount of water that can be obtained from a well depends on the specific capacity of the well and the available drawdown in the well. Specific capacity of a well (the number of gallons of water per minute that the well will produce for each foot of drawdown after a specified period of pumping) reflects both the efficiency of the well and the characteristics of the aquifer. Well efficiency depends on design and development of the well; a few wells are 100-percent efficient, but most fall short of that standard for various reasons. The specific capacities of 100-percent efficient wells vary as the transmissibilities of the aquifers vary.
The available drawdown in a well is the distance from the static water level down to some limiting point, such as the bottom of the pump, the top of the screen, or a point calculated using a designated water lift. The product of available drawdown and specific capacity is the maximum production to be expected from a well.
The practical application of measured or assumed aquifer oharac- FIGURE 2. Transmissibility (T) drawdown well yield relations. Where aquifer transmissibility is known or estimated the chart will provide the drawdowns caused by various pumping rates or the well yields for various amounts of drawdown. Values are based on artesian conditions and o^ a 100-percentefficient 12-inch well; for well efficiencies less than 100 percent the yield will be decreased or the drawdown increased proportionately. Drawdown computations are based on 1 day of pumping; at 10 days the drawdown would be about 10 percent greater. (After Newcome, 1967.) teristics is in predicting the yields of wells and the effects of groundwater withdrawal. A graph ( fig. 2 ) relating transmissibility to drawdown and well yield is useful in estimating well yields and pump settings. Many of the sand beds listed in table 1 are capable of maintaining well yields in excess of the 2,500-gpm (gallons per minute) limit of the graph; however, no wells in the basin are constructed to supply more than that amount. An example of the graph's use follows: An electric log of a test hole showed a 40-foot thickness of sand at a depth of 500 feet. From other wells tapping that aquifer the static water level is known to be 50 feet below land surface. How deep should a pump be set to supply 1,000 gpm from a 12-inch well?
If the permeability of the aquifer is estimated to to 500 gpd per square foot, the transmissibility would be 20,000 gpd per foot (40X500). Using the graph, the T= 20,000 line crosses the 1,000 gpm line at the 115-foot drawdown line. As the static level is 50 feet, a drawdown of 115 feet would place the pumping level at 165 feet. This assumes a 100-percent-efficient well one in which no head is lost in movement of water from the aquifer into the well. A fully F7 100 TIME, IN DAYS FIGURE 3. Time-drawdown relations for selected aquifer characteristics.
Pumping rate is 1,000 gpm; for other rates the drawdown will be proportional, solid line represents drawdown at a distance of 500 feet from pumped well; dashed line, 1,000 feet, T, coefficient of transmissibility, in gallons per day per foot. Coefficient of storage is assumed to be 0.0001. (After Newcorr^, 1967.) efficient well is atypical; 75-percent efficiency is more realistic. Therefore, it is likely that a pumping level of nearly 200 feet would be required in this example. Of course, any deviation from the assumed permeability or well efficiency will affect the drawdown value. The effect that pumping the above well would have on the artesian pressure surface for the aquifer can also be predicted. A second graph ( fig. 3 ) relates transmissibility and drawdown effect at various times and distances for a selected rate of pumping. This graph is useful in guiding decisions on well spacing and withdrawal rales.
Using the graphs of figures 2 and 3, the amount of water that can be obtained from an aquifer in an area of a specified size and shape and with a specified maximum drawdown may be predicted. An example of this prediction is given in the following problem:
Situation: A square plot 1,000 feet on a side (23 acres) is available for installation of a well field needed to supply about 13 mgd (million gallons per day). Maximum pumping depth should be no lower than 300 feet below land surface. An aquifer available at a depth of 500 feet has a coefficient of transmissibility of 50,000 gpd per foot and a Information desired: How many wells are needed, wl at should be their pumping rate, and how should they be spaced?
Answer: Eight fully efficient wells pumped at 1,125 gpm each and arranged around a 1,000-foot square on 500-foot centers. The greatest drawdown at the end of 1 year would be 274 feet (294 ft below land surface). This well field would supply 12.95 mgd. Water levels will be drawn down substantially in the area adjacent to tie well field; however, the effects will decrease as distance from the well field increases.
The above example is an isolated well field in an idealized artesian aquifer; actual conditions are usually different. At most places more than one aquifer is available, which makes more water available than shown in the example. On the other hand, less water than shown in the example may be available if significant interference is felt from distant wells or well fields. On the basis of available data on aquifer characteristics and thicknesses of aquifers and assuming a drawdown to a depth of 300 feet below land surface, ground water available vdthin 5 miles of the following locations is estimated as follows: 
WELLS
Practically all wells more than 100 feet deep are rotary drilled and are artesian that is, the water is under pressure and ri^es above the top of the aquifer when the aquifer is penetrated. Depths of water wells in the basin range from less than 10 to 2,400 feet. Diameters of casing in drilled wells range from 2 to more than 20 inches. In most wells a larger diameter casing is used in the upper part of the well than in the lower part. Various types, sizes, and lengths of well screens are used to hold the aquifer material in place while allowing water to enter the well. A pack of gravel placed between the screen and the aquifer commonly is used in an effort to increase the efficiency of a well.
Most wells are pumped at rates of less than 500 gpm; however, a few produce more than 1,000 gpm and some could produce more than 2,000 gpm without excessive drawdown. Over most of the basin it should be possible to construct wells that will produce 2,000 gpm from the best aquifer underlying the locality. At most places several aquifers are available for development.
WATER USE
Water use is light in the Big Black River basin, because the region is neither heavily populated nor industrialized. Practically all of the domestic, municipal, and industrial water is from wells, as is a small quantity of irrigation water. Canton, the largest city in the basin, used about 0.75 mgd in 1960. Winona is not as large as Canton but, cwing to industrial demand, used about 1 mgd. No other city in the basin pumped more than 0.5 mgd (pi. 4). Total ground-water withdrawal, including water from many unused flowing wells, was probably not more than 10 mgd in 1960 and 11 mgd in 1965. In some areas adjacent to the basin, ground-water withdrawal in 1960 was comparatively heavy (pi. 4) with Jackson using 10 mgd, Yazoo City using 8 mgd, and Kosciusko using 2 mgd. (Pumpage from the Sparta £<vnd at Jackson and Yazoo City is shown on plate 4 because it affects the movement of water in the aquifer in the Big Black basin; a large amount of pumpage from the Mississippi River alluvium at Yazoo City is not shown because it has no effect on ground-water movement and availability in the basin.)
WATER LEVELS
Water-level fluctuations in an aquifer reflect recharge, discharge, water movement, and aquifer characteristics. Recharge raise^1 water levels most in the area of recharge; conversely, discharge lower? water levels most in the immediate area of discharge. Ground water moves from areas where water levels are high to areas where water levels are low (seeps, springs, wells, or leaky confining beds). The amount of flow between two points depends directly on the ability of the aqnifer to transmit water (transmissibility) and on the difference in water level (hydraulic gradient) between the points. A map showing water levels in an aquifer system (pi. 4) shows the direction of movement cf water and reflects recharge, discharge, and aquifer characteristics. Spacing of contour lines indicates the hydraulic gradient; water movement is down gradient at right angles to the contour lines.
A water-level contour map of the Sparta Sand aquifer system is representative of the various aquifer systems underlying the basin, except that the Sparta system is more heavily pumped. Water levels in all the systems are higher in the outcrop (recharge) areas and lower to the southwest and west in areas of natural and artificial discharge. All the aquifers are full and they overflow to streams in outcm areas F10 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES (pi. 5) through springs and seeps. The ground water overflow is the base flow of streams.
Most ground-water levels along the Big Black River stand within 30 feet of, above or below, the altitude of the flood plain of the river. However, in the upper part of the basin the water levels in aquifers older than the Wilcox Group generally are almost 200 feet below flood-plain altitude. On the other hand, water levels in the deeper aquifers underlying the lower third of the basin may be irore than 30 feet above the flood plain. Depth to water in wells located in the highlands generally is less than 100 feet below the tops of the wells.
Heavy pumpage from the Sparta Sand aquifer at Jackson and Yazoo City (pi. 4) causes the two prominent depressed areas shown on the water-level contour map. There is some interference between pumpage at the two localities, and increased pumping will cause the depressions to deepen. Water levels in wells in these areas have been declining for many years ( fig. 4) .
The relatively small pumpage at Canton has not resulted in a substantial depression in the water-level contours. However, withdrawal of 10 mgd at Canton probably would cause as much depression in the water level as now exists at Jackson, and water levels at each of the three cities would be slightly lower because of pumDing at the other two cities.
The part of the Sparta aquifer system that underlies the basin probably would support several well fields producing 10 mgd each before areal water levels would be lowered as much as 200 feet. Well fields producing from the Sparta Sand but located just outside the basin, as at Jackson and Yazoo City, will continue to cause lower water levels in the basin. Water-level elevations will always be higher in and near the aquifer outcrop.
In most places the drawdown caused by pumping can be divided among two or more aquifers by constructing wells in all available aquifers. Naturally, two aquifers will yield more water, or will have less drawdown, than one aquifer.
QUALITY
Ground water of suitable quality for most uses is available throughout the Big Black River basin. However, quality of v^ater in the artesian aquifers changes with distance down the dip away from the recharge areas (pi. 1). Changes in the quality of ground v^ater underlying the basin are determined mostly by the following factors: (1) The time that water has been in contact with the aquifer material; (2) the chemical composition of the aquifer material; and (3) the degree of flushing of saline water by fresh water.
Water levels in all the aquifers indicate that precipitation enters
CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES the aquifers in the outcrops and moves slowly in a southwesterly or westerly direction. Vertical movement through beds of clay and silt is extremely slow. The more permeable aquifers contain fresh water farther from the recharge area and deeper below land surface than do less permeable aquifers (pi. 1). Whether this is a result of differences in permeability or other factors has not been establishei. Because water is a solvent, it is obvious that the chemical composition of the aquifer material would directly affect the quality of water in the aquifer. However, it is difficult to differentiate between the indirect effect of permeability and that of chemical composition of aquifer material on the quality of water. The marine sands generally are less permeable and contain more of the easily dissolved solids than the nonmarine sands. Thus, the usual higher d^solved-solids content of water in marine sands may by attributed to these two causes.
The depth to which fresh water has replaced saline water is a measure of the degree of flushing. Rainwater contains practically no dissolved solids, and most shallow water contains less than 100 mg/1 (milligrams per liter) of dissolved solids (table 2) . Water from shallow aquifers in the basin generally is a soft to moderately hard calcium bicarbonate type. The water characteristically has low dissolvedsolids content, pH, and color. Calcium, magnesium, iron, and free carbon dioxide are more likely to be present in the shallow parts of the aquifers. Even where iron is not present in objectionable quantities, an iron problem may develop in a water system because of the naturally corrosive character of water containing substantial carbon dioxide.
Down the dip of the aquifers, mineralization increases, color may increase, and the water changes from a calcium bicarbonate type to a sodium bicarbonate type. Most of the dissolved solids, except calcium, magnesium, and iron, increase. Fluoride content is low in the shallow parts of the aquifers, but it increases to objectionable amounts (more than 1 mg/J) down the dip in some aquifers. Near the base of fresh water (pis. 1, 5) the type of the water changes from sodium bicarbonate to sodium chloride. Mineralization of water in the deeper parts of the aquifers may be higher than that of sea water.
The artesian aquifers may be several thousand feet below land surface at points many miles down the dip from the outcrops. Several of the aquifer systems contain fresh water (less than 1,000 mg/1 dissolved solids) to depths of more than 2,000 feet below sea level, and three of the aquifers have fresh water at almost 3,000 feet below sea level (pis. 1, 5). The slightly saline (1,000-3,000 mg/1 dissolved solids) water lying below the fresh water in the aquifers is not used at present, but it may be usable for certain purposes in the future. Practically all WATER RESOURCES, BIG BLACK RIVER BASIN, MISSISSIPPI
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water at depths of more than 4,000 feet below land surface is saline; therefore, its utility is limited.
Quality of water is related to the intended use; water of good quality for one use may be unfit for another use. Shallow water in the basin is good for irrigation, but it may need iron removal and pH adjustment for domestic use. Deeper water may be suitable for domestic use but, because of a high percent sodium, be unfit for irrigation. At most localities, two or more aquifers containing water of different quality are available. Table 2 contains analyses of water from various locations (pi. 1) and aquifers.
Temperature of water discharged from certain wells is also si own in table 2. The temperature of shallow ground water is about 65° F (18° C), the mean annual air temperature, and the temparature increases about 1° F per 70 feet (1° C per 125 ft) of additional depth below land surface.
SURFACE WATER SOURCE AND AVAILABILITY
Most of the streams tributary to the Big Black River in the upper half of the basin are perennial; in the lower half of the basin, flow normally stops for some period each year in most tributary streams (pi. 5). This is attributed to the fact that the permeability of the surface and shallow subsurface sediments in the upper half of the basin is greater than in the lower half. All the artesian aquifer systems (pi. 1) are full and overflowing that is, they receive water in the recharge areas in excess of the amount that will move downdip. The excess is discharged through seeps and springs in the outcrop area to form the base flow of streams. The amount of water discharged from aquifers to streams depends primarily on aquifer permeability, saturated thickness of aquifer, and slope of the water table. Several factors affect the saturated thickness and water-table slope: (1) topography, (2) frequency and amounts of recharge, (3) evapotranspiration, (4) depth of stream channel, and (5) stage of stream.
The shape and slope of the water table are largely determined by topography that is, the water table tends to conform to tl^ land surface. A sharp drop of about 100 feet in altitude from the Pearl and Yockanookany River basins to that of the Big Black causes a steep water-table gradient and high ground-water discharge to he ad-water streams of the eastern tributaries of the Big Black. The flood plains of the Yazoo River and its major tributaries are, in turn, about 100 feet lower than the flood plain of the Big Black. The topographic relations of the western and eastern margins of the Big Black River basin cause the eastern tributaries to be more productive during dry seasons than the western tributaries. The yield of one small eastern 428-012 O -71 -3 F14 CONTRIBUTIONS TO THE HYDROLOGY OF THE UN7TED STATES basin, about 12 square miles above station 30 (pi. 5) on Apookta Creek, was 0.3 cubic foot of water per second per square mile of drainage basin during a period (October 1965) when flow in the Big Black River was slightly more than for the median annual minimum of 7-day average flow.
Nearly two-thirds of the flow of the Big Black Rive1-during dry periods is from the upper half of the basin where perennial tributaries are numerous. Since tributaries in the lower half of the basin do not contribute appreciable quantities of water, it could b°, reasonably assumed that there would be little increase in flow in the lower part of the river. However, about one-third of the total low flow of the Big Black at U.S. Highway 61, which is near the river's mouth, is gained in the lower part of the river. Most of this increased flow in the lower end of the river probably is from the alluvium in the flood plain of the river.
DURATION OF FLOW
Flow-duration data (table 3) indicate that about 90 percent of the time the flow in the Big Black River is as much or more than the values shown on plate 5. Although flow-duration data are not available on the tributaries and upper reaches of the river, it is assumed that 90-percent flow duration in these streams would also be as much or more than the values shown. Storage reservoirs could be constructed to make more surface water available on a continuous br,sis at almost any place in the basin.
WATER USE
Probably less than 500 acre-feet of water is diverged annually from streams in the basin mostly for supplemental irrigation of row crops. Practically all cattle in the basin are watered from either streams or ponds. The largest use of the streams by towns and industries is for sewage disposal. Water supply and recreational values of the streams increase with each effective sewage-treatment facility completed.
QUALITY
Specific conductance, in micromhos at 25°C, of water in the Big Black River at average or higher flows is less than 70 (table 4) unless there is more than usual pollution from sewage, industrial waste, or oil-field brines. (Specific conductance multiplied by 0.65 approximately equals dissolved-solids content in mg/1.) Limited data available on the tributaries indicate that water in practically all cf them has a specific conductance of less than 60 if not polluted.
During low flow the specific conductance value of water in the lower part of the Big Black, about 320, may be more than twice as much as it is upstream from Pickens, about 120 (pi. 5 and table 4).
Hardness is twice as high downstream from Pickens, about 50 mg/1, as upstream, about 25 mg/1.
The first of two reasons for higher dissolved solids and hardness in the lower part of the Big Black at low flow is that there are more sources of pollution in the lower end. In addition to municipal and industrial waste, there is considerable oil-field waste at several places below Pickens. Some of the tributary streams also show pollution from oil fields (pi. 5).
The second reason for increased dissolved solids and hardness below Pickens is geologic. The reach from Pickens to station 78 below Bovina traverses outcrops of the Jackson (Yazoo Clay) and Vicksburg Groups, which are much more calcareous than the geologic units which crop out above Pickens. The calcareous mantle of loess in the lower part of the river could also contribute to the dissolved-solids content and hardness of shallow ground water and, therefore, to that of surfacewater base flow. However, the Jackson, Vicksburg, and loess deposits contribute little or no water to tributary streams during dry periods (pi. 5). Since these geologic units do not contribute appreciable base flow to streams, they cannot directly affect the quality of base-flow water in the Big Black. However, the quality of water in the alluvium in the Big Black River valley probably is affected by the Jackson, Vicksburg, and loess sediments. Water in the alluvium is hard to very hard (150-350 mg/1) and moderately mineralized (200-500 mg/1 dissolved solids). During very dry periods nearly half the flow in the lower end of the river may be alluvial water.
Except for water in the alluvium, there is generally no great difference in the quality of shallow water in the various aquifers as is demonstrated by relating quality of water in streams at low flow (discharged ground water) to the geologic units traversed by the streams (pi. 5). However, stream stations 29 and 30 in Attala County show a significant contrast in water quality. Dissolved-solids content of water in the Winona Sand is higher than that of the Sparta Sand. Most of the water passing station 29 at low flow is from the Winona Sand, and most of the water passing station 30 is from the Sparta Sand. The specific conductance readings of 91 at station 29 and of 39 at station 30 seem to accurately reflect the quality of water in the two aquifers.
RELATIVE SIGNIFICANCE OF WATER SOURCES
Using quantity as a standard for judging sources of water, the normal annual low flow of the Big Black River is the most important source of water in the part of the basin downstream from Eentonia (pi. 5). From Bentonia up to Durant possibly as much ground water can be developed from large well fields as is available in the Big Black F16 CONTRIBUTIONS TO THE HYDROLOGY OF THE UN7TED STATES River during a normal annual low flow period. Upstream from Durant and along the tributary streams, more water is generally available from ground water than from the streams during periods of low flow. Storage reservoirs could be constructed on many of the tributary streams that would yield more water than would be locally available from ground water.
The aquifers underlying the area are unequal in their ability to yield watar. A geohydrologic section (pi. 1) classifies the aquifers with respect to their ability to yield water to wells, and eight of the aquifer systems in the basin are rated good or better (will yieM 6 gpm or more per ft of drawdown to properly constructed wells).
Of what value is a particular aquifer system to the people and economy of the Big Black River basin? Quantity is not the only basis for judging the usefulness or importance of aquifers other bases are quality, availability, pumping lift, treatment, and cost per unit volume. Plates 1 and 5 summarize and compare the quality of water in the various aquifers. Water levels in the aquifers were compared earlier in the report, and availability of the aquifers can be compared by using plates 1 through 3. An attempt is hereby made to evaluate and to rank the overall importance of the various aquife^ systems to the people and to the economy of the basin. The aquifer systems are grouped and listed in descending order of importance as follows:
1 
CONCLUSIONS
Large quantities of water are available from several of the geologic units underlying the basin; at most places water of good quality may be developed from two or more major aquifers, each of which will yield to a well more than 1,000 gpm with reasonable drawdown. Well fields in each major aquifer may produce more than 10 mgd. Waterlevel declines and pumping lifts can be minimized by pumping from all the aquifers available. Dissolved solids, pH, and percent sodium increase with depth; iron and hardness are more likely to be problems in shallow water; the base of fresh water averages about 2,000 feet below land surface. Most water supplies in the basin are from ground water.
Perennial streams are numerous in the upper part of the basin, and about 95 percent of the time, flow exceeds 100 cubic feet per second in the lower half of the river's main stem. Quality of surface water is excellent, except for minor organic pollution from municipal waste and brine pollution from several oil fields in the lower part of the basin. Presently, streams are used chiefly for recreation and waste disposal.
Base flow of the streams, which is ground-water overflow or discharge, probably will not be significantly affected by heavy pumping from the artesian aquifers. Heavy pumping for consumptive uses in the outcrops of the aquifers could significantly reduce the base flow of some streams, but consumptive use is not likely, except for irrigation.
Much more needs to be known about the geohydraulics of the aquifers in order to make accurate predictions of the effects of developments in them. Detailed ground-water investigations should precede large ground-water developments. See footnote at end of 
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